Background: Traditional Chinese Medicine (TCM), has over thousands-of-years history of use. Chaihu-Shugan-San (CSS), and
Introduction
Non-alcoholic steatohepatitis (NASH), is a chronic process liver disease characterized by hepatocellular ballooning degeneration and necroinflammation based on hepatic steatosis (Angulo, 2002; Vanni et al., 2010) . It is within an important stage from simple steatosis development to fibrosis, and cirrhosis in non-alcoholic fatty liver disease (NAFLD) (Kopec et al., 2011) . Past studies indicated that the excessive Lachryma-jobi (9g), Nelumbo Nucifera (9g), Glycyrrhiza uralensis Fisch (9g), Platycodon Grandiflorum (6g) and Amomum Xanthioides (6g).
Based on the theory of TCM, CSS dredges liver qi, and enhances blood circulation, is prescribed mainly for the liver qi stasis. SLBZS has the functions of tonifying spleen and stomach qi, and is mainly used for deficiency of spleen and stomach. is essential to investigate the molecular mechanisms of anti-inflammatory effect of CSS and SLBZS to treat NASH. The paper is the first to study the anti-inflammatory effect of CSS and SLBZS on signaling molecules involved in p38 MAPK signal pathway in hepatocytes of NASH.
Materials and Methods

Preparation of CSS and SLBZS
CSS is composed of seven Chinese herbs: Bupleurum Chinese DC (6 g), Pericarpium Citri Reticulatae (6 g), Ligusticum chuanxiong Hort Nelumbo Nucifera (9 g), Glycyrrhiza uralensis Fisch (9 g), Platycodon Grandiflorum (6 g) and Amomum Xanthioides (6 g). Integrated recipe contains is the mixture of CSS and SLBZS at a ratio of 1:1. All Chinese medicines were formula granules purchased from Shenzhen Sanjiu Medical Co., Ltd. (1005001S). The formula granules were dissolved in the distilled water, and preserved at -4℃. 
Experimental design
After one week adaptive breeding, the rats were randomly divided into 8 groups, 14 rats in each group: negative control group (NC),
model control group (MC), high-dose CSS group (H-CSS), low-dose CSS group (L-CSS), high-dose SLBZS group (H-SLBZS), low-dose SLBZS group (L-SLBZS), high-dose integrated recipe group (H-IG), low-dose integrated recipe group (L-IG). Rat models of NASH were duplicated
according to method as our previously reported (Yang et al., 2011) with some minor modifications. Negative control group of rats got free access to a normal chow diet, model control group and treatment groups were fed with high fat diet (HFD), (composed of regular chow 88 %, axungia g/kg/day, H-SLBZS: 30 g/kg/day, L-SLBZS: 10 g/kg/day, H-IG: 39.6 g/kg/day, L-IG: 13.2 g/kg/day), while the rats in the normal group and model group were fed with the same dose (10 ml/kg body weight) of distilled water once at 8:00 am everyday. Low-dose equaled human clinical equivalent dosage, and high-dose was 3-fold volume of low-dose. The treatment lasted for 16 weeks.
At the end of treatment, rats in each group were divided into two groups by table of random number: 8, rats for liver samples collection, 6, rats for isolation of hepatocytes. All rats were treated in compliance with the Guiding Principles for Animal Experiments and the protocols were approved by the Animal Experimental Ethnics Committee of Jinan University, China.
Blood lipid and histopathological examination of liver
Total cholesterol (TC) and triglyceride (TG) in the serum were determined with automatic biochemical analyzer (Olympus, Japan). The paraffin-embedded liver tissue (about 1 cm×0.5 cm×0.5 cm) which selected the same part of the liver, about 0.5 cm from the edge of the right hepatic lobule, were sliced at a thickness of 4μm and examined by hematoxylin-eosin (HE) staining. The steatosis grade, fibrosis stage and inflammation of NASH were evaluated according to the NASH histological scoring system (Kleiner et al., 2005) .
Determination of inflammatory cytokines in serum
The levels of TNF-α, IL-6, in serum were measured according to the recommended procedures provided by the enzyme-linked immunosorbent assay (ELISA), kits (TNF-α, lot No.E3720-1101-1, Beijing Dake Biotechnology Co., Ltd.; IL-6, lot No.R110407-07A, Shenzhen Xinbo Biotechnology Co., Ltd., China).
Hepatocyte isolation, purification and identification
Hepatocytes were isolated from 6 rats in each group by collagenase perfusion as described (Hamelet et 
Protein extraction and Western blot
Western blotting was used to determine proteins of hepatocytes TLR4, phosphor-p38 MAPK (p-p38 MAPK), p38 MAPK and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH). GAPDH was used as an internal control. Protein preparations were subjected to 10% Tris-Buffered Saline Tween-20 (1.5 mM Tris, 5mM NaCl, 0.1 %Tween20) and incubated overnight at 4℃ with specific primary antibodies.
Anti-TLR4 was purchased from Santa Cruz Biotechnology (USA). Anti-p38 MAPK, Anti-phosphor-p38 MAPK and GAPDH antibody were purchased from Cell Signaling Technology (USA). Horseradish peroxidase conjugated goat-anti-rabbit antibody and electro chemical luminescence reagent (Beyotime Biotechnology, China) were used to detect specific proteins. Blots were scanned and densitometry analysis of band intensities was measured with gel image processing system.
Statistical analysis
The results were expressed as the mean ±standard deviation (S.D.), unless otherwise indicated. A one-way Analysis of variance (ANOVA) was used to determine the statistical significance of the differences. Probability value (P) less than 0.05 was considered statistically significant.
All data were analyzed with the Statistical Package for the Social Sciences (SPSS, USA) 13.0 Software.
Results
Effects of CSS and SLBZS on serum TC and TG levels and liver histopathological changes
Elevated serum TC, TG levels and liver histopathological changes indicate hepatic lipid accumulation and lipid metabolic disturbance. As shown in table 1, the serum TC and TG levels were significantly increased in model group compared to the negative control group (P<0.01). The
group of H-CSS, H-SLBZS, L-SLBZS H-IG and L-IG reduced the serum TC and TG levels compared with model control group (P<0.01,
P<0.05).
Liver specimens with HE staining were shown in Figure 2 . Sections of liver from model control group scored 12 points had showed typical NASH features, including microvesicular and macrovesicular steatosis, lobular and portal inflammation, and hepatocyte ballooning (Figure 2) , and there was a significant difference compared with negative control group (P <0.01). The pathological changes in the treatment groups lightened to different degree as compared with model control group (P<0.01, P<0.05) ( Table 2 ). The results indicated that HFD-induced rats model of NASH had lipid accumulation and lipid metabolic disturbance obviously. CSS and SLBZS ameliorated lipid metabolic disturbance, attenuated NASH progression to some extent. 
Effects of CSS and SLBZS on serum inflammatory cytokine levels
Rising inflammatory cytokine levels of TNF-α and IL-6 are regarded as biomarkers of inflammation. Table 3 showed that levels of TNF-α and IL-6 in model control group were higher than that of the negative control group (P <0.01). The treatment groups had lower serum TNF-α and IL-6 levels compared with model control group (P<0.01, P<0.05). It is thus clear that CSS and SLBZS had significant anti-inflammatory effect on the HFD-induced NASH rats in this experiment. 
Effects of CSS and SLBZS on p38 MAPK signal pathway related proteins in hepatocytes
To explore the mechanism of the anti-inflammatory effect of CSS and SLBZS on hepatocytes of NASH rats, we assayed three important proteins of TLR4, p-p38 MAPK and p38 MAPK involved in p38 MAPK signal pathway which is one important mediator in inflammatory response Xu et al., 2010; Tian et al., 2011) . Table 4 showed that expression levels of TLR4, p-p38 MAPK and p38 MAPK as well as the ratio of p-p38 MAPK to total p38 MAPK protein in model control group were significantly higher than those in normal control group, (P <0.01). Compared to the model group, all treatment groups inhibited the expression levels of TLR4, p-p38 MAPK and p38 MAPK (P<0.01,
P<0.05).
And the ratio of p-p38 MAPK to total p38 MAPK protein were decreased obviously (P<0.01, P<0.05). It indicated that p38 MAPK signal pathway may be activated in hepatocytes of NASH rats. The CSS and SLBZS inhibited activation of p38 MAPK signal pathway in different degrees. 
Discussion
NASH is a popular chronic liver disease, and it has been one of the important factors resulting in hepatocirrhosis and liver cancer (Cohen et al., 2011; Fuchs et al., 2012) . Though its etiology of NASH is still remaining unclear, it is considered to be associated with insulin resistance, lipid metabolic disorders, oxidative stress, lipid peroxidation or secretion of inflammatory cytokines. According to the two hit hypothesis, the first hit is fat accumulation in liver hepatocytes, which could lead to hepatic steatosis, further as a result of insulin resistance or lipid metabolic disorders. The second hit is exacerbating factors such as oxidative stress, lipid peroxidation or secretion of inflammatory cytokines which lead to hepatocyte inflammation, fibrosis and even hepatocirrhosis (Day et al., 1998) . . We showed that CSS and SLBZS decreased the serum level of TG, and ameliorated the symptoms of inflammation in NASH model rats. Thus, further study is needed to elucidate the anti-inflammatory mechanism of CSS and SLBZS. We determined several proteins involved in p38 MAPK signal pathway which were closely related with inflammatory reaction and apoptosis (Wagner et al., 2009 ). The results demonstrated that activation of TLR4-p38 MAPK signal pathway in hepatocytes was involved in the development of NASH. CSS and SLBZS successfully suppressed the activation of TLR4, p-p38 MAPK and p38 MAPK involved in p38 MAPK signal pathway.
In conclusion, this study revealed that CSS and SLBZS might work as a significant anti-inflammatory effect on hepatocyte of NASH induced by HFD by inhibiting the activation of TLR4, p-p38 MAPK and p38 MAPK involved in p38 MAPK signal pathway. CSS and SLBZS may be a potentially alternative and complementary medicine to protect against liver injury, alleviate the inflammation reaction, moderate NASH progression. However, some limitation of the present study should be further to explored whether the high-dose Chinese medicines have any side effects or be in an acceptable margin of safety, and which elements of the Chinese medicines have these special therapeutical effects.
